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Abstract 
The continuation of an ongoing call is an important quality measurement in GSM systems. Handoff process 
enables a cellular system to provide such a facility by transferring an ongoing call from one Base Station to 
another. Different approaches have been proposed and applied in order to achieve better handoff service. In our 
previous paper entitled “Development of Efficient Handoff Queuing Scheme for Minimizing Call Drop Due to 
Handoff failure in GSM Systems”, we proposed and analyzed a scheme integrating the buffer facility to the 
M+G scheme to further reduce handoff failure. In this paper, we continue with the analysis of this scheme by 
subjecting it to comparative evaluations with some existing schemes. The simulation environment was done in 
MatLab.      
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1. Introduction 
There is an ever-increasing demand for wireless communication services as a result of the pervasive 
development, availability and cost-effectiveness of wireless network. The means to provide omnipresent and 
seamless wireless network services, which include better voice service, more bandwidth, higher data rates and 
better QoS while considering overall system complexity, is a major challenge facing the wireless network 
technology. For a mobile station to communicate with another user or a base station, it must first obtain a 
channel from one of the base stations that it is talking to. If there is available channel, it is granted to the user 
otherwise the new call will be rejected. The channel is released either when the user completes the call or moves 
to another cell before the call is completed. The process whereby a mobile user moves from one cell to another 
while a call is in progress is known as handoff. While performing handoff mechanism, the mobile unit requires 
that the base station in the cell that it moves into will allocate it a channel (Sidi & Starobinski 1997). Handoff 
mechanism is a key element in the provision of guaranteed quality of service in wireless networks.  It is the 
process of changing the channel (frequency, time slot, spreading code, or combination of them) associated with 
the current connection while a call is in progress. Usually, this is initiated either by crossing a cell boundary or 
signal quality degradation in the current channel (Akpan, Kalu, Ozoumba & Obot 2013). The term handoff or 
handover refers to the process of transferring an ongoing call or data session from one base station to an adjacent 
(neighbor) base station. It is a technique used to provide QoS in a network by regulating the access to network 
resources by the new calls and the ongoing calls. Simply stated, it is a mechanism that accepts ongoing call 
request provided there are adequate free resources to meet the QoS requirements of the new/ongoing call 
requests without violating the committed QoS of already accepted or ongoing calls in that’s system (BS). The 
establishment and management of call connections are important issues in QoS-sensitive wireless networks. This 
is because the subscribers are expected to move in any direction during the communication sessions experiencing 
handoffs between cells. The current trend in cellular networks is to accommodate more mobile subscribers in a 
given wireless area. This could result in more frequent handoffs, and makes connection-level QoS more difficult 
to achieve. Two important matrices in QoS performance parameters are the probability of blocking new calls and 
the probability of dropping calls due to handoffs failures. Mobile users, once their connections are set up, should 
be able to continue with the communication as long as they want as is obtainable in a wired network with QoS 
guarantees (Choi & Shin 2000). Study shows that it is practically impossible to completely eliminate handoff 
drops; therefore the best method is to provide some form of probabilistic QoS guarantees. Since dropping a call 
in progress is more annoying than blocking a new call request there is need for  handoff calls to be given higher 
priority in the system design. According to experts, the challenges for achieving optimum spectral efficiency and 
high data rate in wireless cellular communication networks is increased by the wireless communication 
environment which is characterized by dynamic channels, high influence of interference, band with shortage and 
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strong demand for Quality of Service (QoS)  support (Akpan, Kalu, Ozoumba & Obot 2013)( Sun, Sauvola, & 
Howie 2001).  In order to support various integrated services with certain QoS requirements in these wireless 
networks, the study of Radio Resource Management (RRM), Radio Resource Provisioning (RRP), and mobility 
management is useful (Fang 2005). There are notably two types of handoff principles: the soft handoff and the 
hard handoff (Nasıf, Tara, Sibel & F. Kemal 2006). In practice, the BS makes handoff decisions with assistance 
from the MS. If a new BS has some unoccupied channels, then it assigns one of them to the handed off call. 
Nevertheless, if at the time of the handoff, all the channels are in use, two things could happen; the call could be 
dropped or it is delayed for a while (Felipe, Genaro & Andrés 2010). Most times, the poor QoS experienced in 
wireless network systems is attributed largely to handoff defects and has caused many mobile users to subscribe 
to more than one service provider in order to maintain seamless connection. Issues like call admission, 
connection quality, and handoff success and mobility management determine the users’ satisfaction (Felipe, 
Genaro & Andrés 2010) (Fang & Zhang 2002). 
2. Review of Relevant Literatures 
There are many issues and related research works on cellular systems. As the results of the high level of 
resentment and prolonged dissatisfaction experienced by mobile users due to handoff failures in wireless cellular 
networks, researchers have continued to develop and enhance various handoff schemes for minimizing handoff 
failure. The mechanisms are often based on call admission control, handoff prioritized schemes mobility and 
buffer management for different traffic classes in wireless networks, etc. The various handoff schemes shall be 
discussed in this section. 
Lu & Bharghavan (1996), proposed an adaptive QoS management system in wireless multimedia networks. The 
system proposed was based on a service model designed for both connection- and application level QoS. 
Wireless multimedia applications are classified into different service classes in the service model by their 
application profiles. The system performs an adaptive resource allocation for each service class using the 
appropriate CAC schemes tailored to the QoS requirements of the service class under consideration. It was 
demonstrated through analysis and simulations, that the proposed system meets the QoS requirements of 
different service classes in the system and achieves considerably high network utilization. An analytical 
approach for performance evaluation of wireless cellular networks was presented in Fang (2005). The analytical 
approach demonstrated how simple mathematical techniques can be applied to obtain outstanding analytical 
results for many performance metrics including call blocking and dropping probabilities. The analysis presented 
more realistic distribution models for the involved random variables. In Yi & Derong (1999), the number of 
guard channels is allocated automatically in real time to reduce the loss probability of handoff calls. A situation 
where the handoff calls are queued and no new calls are handled before the handoff calls in the queue  is 
presented in Sirin (1992). Hence, this makes it stricter than the guard channel methods. An integration of 
direction of mobile into the M+G scheme to reduce the handoff failure was proposed in Akpan, Kalu, Ozoumba 
& Obot (2013). The scheme utilizes the direction of mobile alongside the signal strength and availability of 
channels in making the handoff decision.  
3. The Proposed Scheme  
In our work, Inyang, Opara & Akpan (2014), we developed an Efficient Handoff Queuing Scheme for 
Minimizing Handoff failure in GSM Systems. The famous M/M/S/S queuing approach was adopted to model the 
system. In this paper, we will be comparing the performance of this scheme with some existing schemes. 
Simulation environments were built in MatLab to evaluate the performances of the proposed schemes and 
comparison with other schemes. The interfaces (GUI) for the simulations are shown in figures below.  
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Figure 1 Simulation GUI 1 
 
 
Figure 2  Simulation GUI 2 
 
4. Performance Comparison of the Proposed Handoff Scheme with some existing Handoff Schemes 
This section looks into the performance evaluation of the proposed scheme in comparison with other  existing 
handoff schemes. The existing schemes under consideration are the M+G and GC  schemes. Figures 3 and 4 
depict the Handoff Failure Probability against Reserved Channel size at channel of 50 and 34 respectively. 
Figures 5 and 6 depict the Handoff Failure Probability against Reserved Channel size at traffic of 50 and 100 
erlang respectively. Figure 7 shows the Handoff Failure Probability against Reserved Channel size at queue size 
of 500. Figures 8 and 9 show the Handoff Failure Probability against Queue size at channel of 34 and 50 
respectively. Figure 10 shows the effect of queue size on the Handoff Failure Probability. It can be seen from 
Figures 3 to 10 that the handoff failure probability of the proposed scheme is lower than that of the other 
schemes. The graphs indicate that the proposed scheme performs better than the M+G and GC schemes under 
study. This is because, poor signal handoff calls are immediately dropped in the GC method but the  M+G and 
the proposed scheme take into consideration the channel availability and signal quality. This ensures that fewer 
handoff calls are dropped. The notable feature of the proposed scheme is the combination of the M+G and the 
handoff queue. In Figures 8 and 9, the effect of the queue is very obvious. As the queue size increases the failure 
probability of handoff request decreases for the proposed scheme while the M+G and GC remains relatively 
constant. This brings about the better performance of the proposed scheme over the other schemes. Figure 10 
depicts the relationship between the three schemes in terms of queue size and handoff failure. It can be observed 
that as the queue size tends to zero, all the three schemes converges. At this point, the three schemes have the 
same characteristics. Figure 11 and figure 12 show the handoff failure probability against traffic load at queue 
size of 2000 and 100 respectively for the different Schemes. It is observed that the proposed scheme has a better 
performance than the M+G and GC schemes. This is as the result of the extra provision made by the handoff 
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Figure 3 Handoff Failure Probability against Reserved Channel size at channel of 50 
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Figure 4 Handoff Failure Probability against Reserved     Channel size at channel of 34 
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Figure 5 Handoff Failure Probability against Reserved     Channel size at Traffic of 50 
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Figure 6 Handoff Failure Probability against Reserved Channel size at Traffic of 100 
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Figure 7 Handoff Failure Probability against Reserved Channel size at queue size of 500 
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Figure 8  Handoff Failure Probability against Queue size at channel of 34 
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Figure 9  Handoff Failure Probability against Queue size at channel of 50 
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Figure 10  Handoff Failure Probability against Queue size at  channel of 34 
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Figure 11 Handoff Failure Probability against Traffic Load at queue size of 2000 for the different 
Schemes. 
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Figure 12   Handoff Failure Probability against Traffic Load at queue size of 100 for the                                                                  
different Schemes. 
 
5. Conclusion 
It has been proven that there is a finite probability that an ongoing call might be rejected while trying to establish 
handoff process. The research work describes the development of a new Handoff control technique in GSM 
system. Most of the existing research works have not considered buffering handoff calls as a way of reducing its 
forced termination probability. Instead of deteriorating the quality of service of handoff calls in the presence of 
new calls, a buffer is introduced to take care of this and the total throughput of the network will increase 
considerably. In this paper, it has been demonstrated that by integrating the concept of buffering (queue) to the 
M+G, the handoff call dropping probability has been considerably reduced. The performance of this new scheme 
in terms of dropping probabilities was carried out using MatLab. The performance of the handoff scheme was 
compared with other existing schemes. It has been shown that the use of the buffer in the in the proposed handoff 
scheme helps in further reducing handoff failure in mobile systems.  
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